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It seems that none of the documents cited in the International Search Report discloses 
all of the technical features of claim 1 . As pointed out in the description (p.3-4), the 
present application provides a method which overcomes some of the problems 
associated with the methods of the prior art, in particular hybridization assays of 
extracted and immobilized nucleic acids, and fluorescent in situ hybridization. None of 
the prior art uses a method in which an in situ hybridized probe is separated from its 
target and eluted from the cells for quantisation. Moreover, no indication is given in the 
prior art that such an approach may be used. 

Therefore, claim 1, and dependent claims 2-23, appear to be new and inventive (Article 
33(2) and (3) PCT). 

Section VIII 

The following objections to clarity arise under Article 6 PCT: 

a. Use of the term "potentially" in claims 1 , 6 and 1 4 introduces ambiguity and should 
be deleted: only those microbes actually in the sample are being analysed. 

b. The term "on the order of" in claim 1 1 is vague and should be deleted. 

c. In claim 14, the phrase "denaturation of every all probe" should be read 
"denaturation of every probe". 

It should be noted that the terms "notably" and "such as" have no limiting effect on the 
scope of the claims in which they are used, so that any feature following either of these 
expressions is regarded as entirely optional (PCT Guidelines, C-lll, 4.6). 
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Means for qualitative and quantitative analysis 
of microbial populations 
potentially present in a sample 



This invention may be generally described as a means of qualitative 
and quantitative analysis of microbial populations potentially present in a 
sample. More specifically, it relates to a means of qualitative and 
10 quantitative analysis using RMA-targeted oligonucleotide probes. 

The analysis of microbial populations potentially present is required 
for many types of solid and fluid samples. Some notable examples are those 
samples obtained from a natural or biological environment such as natural 

15 water or hot springs; samples taken from humans or animals such as blood, 
urine, vaginal and intestinal flora; and samples from urban, agricultural and 
industrial environments such as food products, industrial water, industrial 
effluents, municipal wastewater, industrial sludge, fermentation media, 
aerosols, filters or air from air conditioning systems. 

20 Various laboratory techniques have been developed for the qualitative 

and quantitative analysis of microbial populations potentially present in a 
given sample. 

One familiar technique involves a count of the microorganisms that 
develop after the sample (or an extract thereof) is cultured on various 

25 selective nutrient media under standard conditions. This technique is simple 
but entails significant risks of errors and artifacts (low specificity of 
morphological criteria, inability to detect viable but non-culturable 
microorganisms, inability to detect slow-growing microorganisms, need to 
maintain viability of bacteria between collection and enumeration). Moreover, 

30 this technique generally requires longer than 24 hours to yield results. 
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sample, or in situ on whole cells, generally after fixation (permeabilization) of 
the membrane (or wall) of the microorganisms potentially present in the 
sample. 

However, cell lysis and the ensuing extraction and purification of the 
5 nucleic acids particularly total RNA t are delicate and time-consuming 
manipulations that require costly apparatus, trained personnel and strict 
experimental conditions, notably the prevention of contamination by 
nucleases during the procedure. This technique further implies the use of a 
solid support, such as a nylon membrane, onto which the purified nucleic 

10 acids are immobilized in such a way one can discriminate between them 
(e.g. dot-blot, slot-blot). It most generally also implies the use of radioactive 
probe labels, the handling of which requires special care. The cell lysis 
technique for RNA hybrididization is therefore ill-suited to use in routine 
analysis either in industry or in biological laboratories. 

15 in situ hybridization in whole cells overcomes the need for preliminary 

extraction of the target nucleic acids by cellular lysis with all its associated 
disadvantages. The FISH (Fluorescent In Situ Hybridization) process, which 
employs fluorescence-labeled rRNA probes, is one existing in situ technique. 
This type of technique, generally involving fluorescence microscopy, 

20 provides a fast and sensitive qualitative analysis on many types of sample. 
Today, rRNA-targeted probes thus hybridized in situ with their target within 
whole cells can be quantified directly on the sample (flow cytometry, 
microscopy), although the method is not entirely satisfactory: quantification 
directly on the sample is technically costly, time-consuming, requires trained 

25 personnel and does not permit an accurate quantification of hybridized 
probes when the sample is complex and non-uniform (e.g. floe or aggregates 
formed by filamentous bacteria in sewage treatment sludge; samples 
containing naturally fluorescent microorganisms). As a result, the technique 
of in situ hybridization in whole cells using fluorescence-labeled 

30 oligonucleotide probes has, to date, remained an essentially qualitative 
technique that does not provide reliable quantitative results. 
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Ammonia-oxidizing p-Proteobacteria, the genus Nitrobacter or Acinetobacter 
or the species Fibrobacter intestinalis, the species Escherichia Coli). Probes 
with finer phylogenetic resolution can be derived by using the existing 
collections of RNA sequences. Many examples of such RNA-targeted probes 
5 are described in the prior art such as patents or patent applications, 
scientific publications e.g. Los Reyes era/. 1997, Appli. Environ. Microbiol. 
Vol. 63 n°3 p.1 107-1 117 ; Mobarry er a/. 1996, Appli. Environ. Microbiol. 
Vol. 62 n°6 p.21 56-21 62 ; Wagner era/. 1994, Appli. Environ. Microbiol. Vol. 
60 n°3 p.792-800 ; Kane et al. Appli. Environ. Microbiol. Vol. 59 n°3 p. 682- 

10 686. Other examples of such probes can also be designed by the person 
skilled in the art. Advantageous probes are those which target ribosomai 
RNA (rRNA). Examples of such advantageous probes include Nb1000 (SEQ 
ID N°1) and Nso 1225 (SEQ ID N°2). 

The method of the invention gives particularly accurate quantitative 

15 results when the cell numbers in said sample are equal to or greater than 
approximately 10 3 or 10 4 cells per ml. If desired, the microorganism 
concentration of a liquid sample can be increased by filtration or any other 
technique prior to implementing the method of the invention. 

In a preferred arrangement of the invention, said microorganisms 

20 potentially present in the sample are also contacted with at least one probe, 
hereafter called "universal probe", serving to normalize the results obtained 
with probes targeting specific phylogenetic groups of microorganisms 
("specific probes"). The amount of a specific probe in said sample may then 
be expressed as a ratio of the amount of said universal probe. Such an 

25 universal probe may thus enable the expression of e.g. the specific target 
rRNA as a percentage of the total rRNA. Examples of such "universal 
probes" include probes specific for any microorganism, or probes specific for 
bacteria, or for eukaryotes. Such "universal probes" are well-known in the art 
and any of them can be used as long as it enables said contacting step, and 

30 allows the desired "specific probe" normalization. Such a "universal probe" is 
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series of ethanol solutions of increasing concentration, for example by 
placing the sample in a 70%, 80% and then 95% ethanol solution. 

Advantageously, said contacting phase is performed by placing the 
sample in contact with said at least one probe in the presence of a solution 
5 hereafter called "hybridization solution", which comprises a denaturing agent 
such as sodium dodecyl sulfate (SDS) at a concentration in a 0,001-0,1% 
range, preferably on the order of 0.01%; Tris-HCI , pH of about 8 at a 
concentration in a 0,001-0,1 M range, preferably on the order of 0.02M; and a 
salt such as sodium chloride at a concentration in a 0,1-1,5M range, 

10 preferably on the order of 0.9M. Such a contacting is advantageously 
performed for an incubation time comprised between about 1 0 minutes and 
about 2 hours, and at an hybridization temperature, which is preferably the 
optimal temperature. For each oligonucleotide probe, the hybridization 
conditions (temperature; concentration of salts and denaturing agents) can 

15 be indeed optimized so as to improve the specificity of the oligonucleotide 
probe for the corresponding RNA sequences found in the target cells. When 
a plurality of oligonucleotide probes is used simultaneously, these 
hybridization conditions can be chosen so as to take into account the optimal 
conditions peculiar to every probe. 

20 it is very advantageous for the extraction of said at least one probe to 

be performed following the removal of excess and unbound probe or of non- 
specifically associated probe material placed in contact, notably by washing 
with a solution hereafter called "wash solution". Such a "wash solution" 
advantageously comprises a denaturing agent such as sodium dodecyl 

25 sulfate (SDS) at a concentration in a 0,001-0,1% range, preferably on the 
order of 0.02%; Tris-HCI pH of about 8 at a concentration in a 0,001 -0,1M 
range, preferably on the order of 0.02M, and a salt such as sodium chloride 
at a concentration in a 0,01 -0.9M range, preferably on the order of 0.1 M. 
The formulation of the « wash solution » (e.g. salt and denaturant nature 

30 and/or concentration) is adjusted so as to achieve the appropriate 
stringency ; i.e. the stringency necessary to the removal of non-specifically 
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possible to distinguish each probe used from the others during the detection 
step, for example by giving to each one its own specific label (e.g. different 
fluorochromes). 

The method of the invention can be applied to a variety of samples. 
5 Samples for which an analysis using the method of the invention is of 
particular interest include those taken from fluids such as natural water, 
industrial water, industrial effluents, municipal wastewater, industrial sludge, 
thermal mud, food liquid or gel, fermentation medium, air, gas, aerosol; 
samples from a building ventilation duct, air conditioning duct; samples from 
10 edible solid, soil; samples from medical apparatus; human or animal samples 
such as blood, urine, vaginal or intestinal flora. 

jh e method of the invention utilizes neither microbiological culture, 
nor microscopy, nor an in vitro amplification step (like PCR) and does not 

15 require any cell lysis step. It is reproducible, simple, fast (less than 3 hours), 
low-cost and does not require specially trained personnel. The method of the 
invention offers the additional advantage of being easy to automate. 
The method of the invention notably provides a qualitative and quantitative 
measurement of the microbiological or sanitary status of said sample and, 

20 consequently, of the product from which said sample is taken. The method of 
the invention can therefore advantageously be combined with an alarm 
function relating to the quality, safety and/or sanitary monitoring of the 
product from which the sample is taken, notably as part of an industrial 
production line. 

25 When the threshold value or set point is exceeded, the method of the 

invention permits the corresponding quality, safety and/or sanitary alarm to 
be triggered. It also permits the automatic or feedback control of a 
microbiological removal or enrichment process. 

This invention also relates to the application of said method to in vitro 

30 diagnostics of infectious diseases. 
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The fixed sample is centrifuged after adding 1 mi of 70% ethanol over the 
residue and resuspending the cells. The mixture is centrifuged for 5 minutes 
then the supernatant is removed. This procedure is repeated with 80% 
ethanol and then again using 95% ethanol. 

c) Hybridization step 

A water bath is prepared at the hybridization temperature required by the 
probe being used (the temperature depends on the length and sequence of 
the probe). In the example reported here, the following probes were used: 

Probe Nb 1000 specific to the Nitrobacter genus, with sequence 
SEQ ID n°1 : 5' TGCGACCGGTCATGG 3' 

Probe Nso 1225, specific to Ammonia-oxidizing |3 proteobacteria, with 
sequence SEQ ID n°2: 5' C GC C ATTGTATTAC GTGTG A 3' 

Probe S Univ-1390, a universal probe for any microorganism, with 
sequence SEQ ID n°3 : 5' GACGGGCGGTGTGTACAA 3', and 

Probe S Bac338, specific for bacteria, with sequence 
SEQ ID n°4: 5' GCTGCCTCCCGTAGGAGT 3'. 

These probes were synthesized, purified by High Performance Liquid 
Chromatography (HPLC), then fluorescein-labeled at the 5' end. They are 
available from Operon Technologies of Alameda, California (USA) or, in 
France, from the Genset company based in Paris (among others). 

The cells obtained from the dehydration step are resuspended in 
400 uL of a hybridization solution comprising (for 10 ml_): NaCI 5M 1.8 ml_; 
Tris-HCI 1M 200 uL; SDS (sodium dodecyl sulfate) 5 uL; distilled excipient 
water 8 mL, for ten mL. After each probe is labeled by a fluorochrome, the 
necessary quantity of each probe is added (here, 1.5 nanomoles). The cells 
in the hybridization solution in contact with the probes are incubated for 10 
minutes to 2 hours at the hybridization temperature. The hybridization 
samples are centrifuged and supernatants are removed. 
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CLAIMS 



1. A method of qualitative and quantitative analysis of the microbial 
population(s) potentially present in a sample, characterized in that it 
5 comprises: 

- contacting the microorganisms potentially present in said sample 
with at least one RNA-targeted oligonucleotide probe, hereafter called 
specific probe, able to target a desired microbiological population, under 
conditions favourable to in situ hybridization in whole cells, 

10 - extracting by separation from their target and elution outside said 

cells those probes which have become hybridized, 

- detecting the extracted probes and measuring the amount thereof or 
their respective amounts. 

15 2. A method according to Claim 1, further characterized in that said at 
least one specific probe is chosen among the group consisting of Nb 1000 
(SEQ ID N°1) and Nso 1225 (SEQ ID N°2). 

3. A method according to Claim 1 or 2, further characterized in that said 
20 microorganisms potentially present in said sample are contacted with 
another probe, hereafter called universal probe, serving to normalize results 
obtained with probes targeting specific phylogenetic groups of 
microorganisms. 

25 4. A method according to Claim 3, further characterized in that said 
universal probe is chosen among the group consisting of S Univ-1390 (SEQ 
ID N°3) and S Bac 338 (SEQ ID N°4). 



5. A method according to any one of the preceding claims, further 
30 characterized in that said specific and/or universal probe(s) is a (are) rRNA- 
targeted probe(s). 
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12. A method according to any one of the preceding Claims, further 
characterized in that said contacting phase is performed for an incubation 
time of about 10 minutes to about 2 hours, and at the optimal hybridization 

5 temperature. 

13. A method according to any one of the preceding claims, further 
characterized in that said extraction of said at least one probe is performed 
following removal of the excess and unbound probe or of non-specifically 

10 associated probe material placed in contact, notably by washing with a 
solution, hereafter called wash solution, which notably comprises a 
denaturing agent such as sodium dodecyl sulfate (SDS) and a salt such as 
sodium chloride at concentrations appropriate for achieving the stringency 
necessary to the removal of non-specifically associated probe. 

15 

14. A method according to any one of the preceding claims, further 
characterized in that said extraction is performed by placing said 
microorganisms potentially present under conditions enabling the 
denaturation of every alt probe specifically associated with its target 

20 sequence, notably in the presence of an agent able to denature the probe- 
target duplex, and at a temperature higher than the melting temperature of 
the probe under consideration, notably at a temperature of approximately 
100°C. 

25 15. A method according to claim 14, further characterized in that the 
denaturing agent is formamide. 

16. A method according to any one of the preceding claims, further 
characterized in that said extracted probes are concentrated, notably using 
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treatment of organic effluents, sewage treatment process such as treatment 
by activated sludge. 

22. A method according to any of the preceding claims, further 
characterized in that it is used in the automatic or feedback control of a 
process relating to the removal or prevention of the development of 
microorganisms. 

23. A method according to any of the preceding claims, characterized in 
that it is applied in the detection of foam formation during the implementation 
of activated sludge processes and/or for the feedback control of a method 
relating to the removal or prevention of the said foams. 
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(c) Number of strands: single 

(d) Configuration: linear 

(ii) Type of molecule: other nucleic acid 

(iii) Hypothetical: yes 

(iv) Antisense: no 
(vii) immediate source: 

(B) Clone: Nb1225 

(xi) Description of the sequence: SEQ ID n° 2: 
5' CGCCATTGTA TTACGTGTGA 3' 



(4) Information for SEQ ID n° 3: 

(i) Characteristics of the sequence: 

(a) Length: 1 8 base pairs 

(b) Type: nucleotide 

(c) Number of strands: single 

(d) Configuration: linear 

(ii) Type of molecule: other nucleic acid 

(iii) Hypothetical: yes 

(iv) Antisense: no 
(vii) Immediate source: 

(B) Clone: S Univ-1390 

(xi) Description of the sequence: SEQ ID n° 3: 
5' GACGGGCGGTGTGTACAA 3' 

(5) Information for SEQ ID n° 4: 

(i) Characteristics of the sequence: 

(a) Length: 1 8 base pairs 

(b) Type: nucleotide 

(c) Number of strands: single 

(d) Configuration: linear 

(ii) Type of molecule: other nucleic acid 

(iii) Hypothetical: yes 

(iv) Antisense: no 
(vii) Immediate source: 

(B) Clone: S Bac338 

(xi) Description of the sequence: SEQ ID n° 4: 
5' GCTGCCTCCCGTAGGAGT 3' 
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Section V 

Claim 1 is directed to a method of quantitative and qualitative analysis of microbes in a 
sample. The method comprises: 

1 . contacting the microbes with at least one RNA-targeted oligonucleotide probe 
under conditions favourable to in situ hybridization in whole cells 

2. extracting those probes which have become hybridized by separation from their 
target and elution outside said cells 

3. detecting the extracted probes and measuring their respective amounts. 

It seems that none of the documents cited in the International Search Report discloses 
all of the technical features of claim 1 . As pointed out in the description (p.3-4), the 
present application provides a method which overcomes some of the problems 
associated with the methods of the prior art, in particular hybridization assays of 
extracted and immobilized nucleic acids, and fluorescent in situ hybridization. None of 
the prior art uses a method in which an in situ hybridized probe is separated from its 
target and eluted from the cells for quantisation. Moreover, no indication is given in the 
prior art that such an approach may be used. 

Therefore, claim 1, and dependent claims 2-23, appear to be new and inventive (Article 
33(2) and (3) PCT). 

Section VIII 

The following objections to clarity arise under Article 6 PCT: 

a. Use of the term "potentially" in claims 1 , 6 and 14 introduces ambiguity and should 
be deleted: only those microbes actually in the sample are being analysed. 

b. The term "on the order of" in claim 1 1 is vague and should be deleted. 

c. In claim 14, the phrase "denatu ration of every all probe" should be read 
"denaturation of every probe". 

It should be noted that the terms "notably" and "such as" have no limiting effect on the 
scope of the claims in which they are used, so that any feature following either of these 
expressions is regarded as entirely optional (PCT Guidelines, C-lll, 4.6). 
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